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Besides the two fundamental postulates, (i) the principle of relativity and (ii) the constancy of the 
one-way velocity of light in all inertial frames of reference, the special theory of relativity employs another 
assumption. This other assumption concerns the Euclidean structure of gravity-free space and the 
homogeneity of gravity-free time in the usual inertial coordinate system. We introduce the primed inertial 
coordinate system, in addition to the usual inertial coordinate system, for each inertial frame of reference, 
and assume the flat structures of gravity-free space and time in the primed inertial coordinate system and 
their generalized Finslerian structures in the usual inertial coordinate system. Combining this alternative 
assumption with two postulates (i) and (ii), we modify the special theory of relativity. The modified theory 
involves two versions of the light speed, infinite speed T| in the primed inertial coordinate system and finite 
speed c in the usual inertial coordinate system. It also involves the r|-type Galilean transformation between 
any two primed inertial coordinate systems and the localized Lorentz transformation between two 
corresponding usual inertial coordinate systems. After confirming that all our experimental data are 
collected and expressed in the usual inertial coordinate system, we have the physical principle in the 
modified theory: the r|-type Galilean in variance in the primed inertial coordinate system plus the 
transformation from the primed to the usual inertial coordinate systems. This principle is applied to reform 
of mechanics, field theory and quantum field theory. The validity of relativistic mechanics in the usual 
inertial coordinate system remains, while field theory is freshened. Based on the establishment of a 
transformation law for the quantized field systems as they are transformed from the primed to the usual 
inertial coordinate systems, we construct a convergent and invariant quantum field theory, in full agreement 
with experimental facts, founded on the modified special relativity theory and the quantum mechanics 
theory. 

PACS Numbers: 11.10, 03.30, 02.40, 03.70 



I. INTRODUCTION 

The current Lorentz-invariant field theory, whether classical or quantum, has been suffering from 
the divergence difficulties for a long time. Indeed, the infinite self-energy of an electron in quantum 
electrodynamics was known as early as 1929 [1]. The origins of these difficulties lay deep within the 
conceptual foundations of the theory. Two foundation stones of the current quantum field theory are the 
special relativity theory and the quantum mechanics theory. Since it is the case that both classical and 
quantum field theory are plagued by the divergence difficulties, the searching direction to get to the roots of 
the divergence difficulties seems to be in the special relativity theory. 

In 1905, Einstein published his theory of special relativity [2]. He derived the Lorentz 
transformation between any two usual inertial coordinate systems, which is a kinematical background for 
the physical principle of the Lorentz invariance. The two fundamental postulates stated by Einstein as the 
basis for his theory are (i) the principle of relativity and (ii) the constancy of the one-way velocity of light in 
all inertial frames of reference. 

Besides these two fundamental postulates, the special theory of relativity also uses another 
assumption. This other assumption concerns the Euclidean structure of gravity-free space and the 
homogeneity of gravity-free time in the usual inertial coordinate system {x',t}, r=l,2,3, x'=x, x 2 =y, x 3 =z: 



everywhere and every time. 

Postulates (i) and (ii) together with the assumption Eqs.(l) yield the Lorentz transformation 
between any two usual inertial coordinate systems [2,3]. Indeed though the assumption Eqs.(l) was not 



dX 2 =8 rs dx r dx s , r,s= 1,2,3, 
dT 2 =dt 2 , 



(la) 
(lb) 
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explicitly articulated, evidently having been considered self-evident, Einstein [2] said in 1907: "Since the 
propagation velocity of light in empty space is c with respect to both reference systems, the two equations, 

22222 22222 

X! +yi +Zi -c ti =0 and x 2 +y 2 +z 2 -c t 2 =0 must be equivalent." Leaving aside a discussion of whether 
postulate (i) implies the linearity of transformation between any two usual inertial coordinate systems and 
the reciprocity of relative velocities between any two usual inertial coordinate systems, we know that the 
two equivalent equations, the linearity of transformation and the reciprocity of relative velocities exactly 
lead to the Lorentz transformation. 

Some physicists explicitly articulated the assumption Eqs.(l) in their works on the topic. Pauli 
wrote: "This also implies the validity of Euclidean geometry and the homogeneous nature of space and 
time." [3]. Fock said: "The logical foundation of these methods is, in principle, the hypothesis that 
Euclidean geometry is applicable to real physical space together with further assumptions, viz. that rigid 
bodies exist and that light travels in straight lines." [4]. 

Introducing the four-dimensional usual inertial coordinate system {x k }, k=l, 2,3,4, x 4 =ict, and the 
Minkowskian structure of gravity-free spacetime in {x k }, 

dZ^Sydx'dxJ, i,j= 1,2,3,4, (2) 
Minkowski [5] showed in 1909 that the Lorentz transformation is just a rotation in this spacetime. He also 
showed how to use the four-dimensional tensor analysis for writing invariant physical laws under the 
Lorentz transformation. The Minkowskian structure Eq.(2) is a four-dimensional version of the assumption 
Eqs.(l). 

In this paper, we are concerned with a modification of the special relativity theory. The modified 
theory keeps the two fundamental postulates (i) and (ii) but not the assumption embodied in Eqs.(l). The 
generalized Finslerian structures of gravity-free space and time in the usual inertial coordinate system will 
be assumed. Since Finsler geometry and its generalization are not familiar to many people, we begin with an 
introduction for them in Section II. In Section III, we learn of the definition of the usual inertial coordinate 
system made by Einstein and introduce the so-called primed inertial coordinate system, in addition to the 
usual inertial coordinate system, for each inertial frame of reference. In this section, we also make a new 
assumption about the local structures of gravity-free space and time. Section IV is devoted to modifying the 
special relativity theory. We combine this alternative assumption, instead of the assumption Eqs.(l), with 
the two fundamental postulates (i) and (ii). The modified theory involves two versions of the light speed, 
infinite speed r| in the primed inertial coordinate system and finite speed c in the usual inertial coordinate 
system. It also involves the r|-type Galilean transformation between any two primed inertial coordinate 
systems and the localized Lorentz transformation between two corresponding usual inertial coordinate 
systems. Section V addresses the four-dimensional form of the local structures of gravity-free space and 
time. Then, in Section VI, we turn to the physical principle in the modified theory. It is: the r|-type Galilean 
invariance in the primed inertial coordinate system plus the transformation from the primed inertial 
coordinate system to the usual inertial coordinate system. The transformation from the primed to the usual 
inertial coordinate systems is an important part of the new physical principle. It is the characteristic of the 
transformation that it links the Galilean transformation between any two primed inertial coordinate systems 
and the localized Lorentz transformation between two corresponding usual inertial coordinate systems. For 
use of this physical principle, we need the knowledge about the Cartan connection in the generalized Finsler 
geometry. We arrange it in Section VII. Proceeding, we devote the next three sections to applications of the 
new physical principle to mechanics, field theory and quantum field theory. The validity of relativistic 
mechanics in the usual inertial coordinate system remains, while field theory and quantum field theory are 
freshened. In particular, a transformation law for the quantized field systems as they are transformed from 
the primed to the usual inertial coordinate systems is established in Section X. In Section XI, we topically 
discuss how the modified theory, together with the quantum mechanics theory, features a convergent and 
invariant quantum field theory which is in full agreement with experimental facts. Finally, we offer some 
concluding remarks in Section XII. 



II. GENERALIZED FINSLER GEOMETRY 

Finsler geometry is a kind of generalization of Riemann geometry [6,7]. It was first suggested by 
Riemann as early as 1854, and studied systematically by Finsler in 1918. Since then, the most significant 
work from the viewpoint of modern differential geometry has been done by Cartan, Rund and others. 
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In Finsler geometry, the distance ds between two neighboring points x k and x k +dx k , k=l,2, — ,n is 
defined by a scale function 

ds=F(x\x 2 ,— ,x n ;dx',dx 2 ,— dx n ) 
or simply 

ds=F(x k ,dx k ) (3) 
which depends on directional variables dx k as well as coordinate variables x k . Apart from several routine 
conditions like smoothness, the main constraint imposed on this scale function is that it is positively 
homogeneous of degree one in dx k , 

F(x k ,A,dx k )=AF(x k ,dx k ) forA>0. (4) 
Introducing a set of equations 

g 1J (x k ,dx k )= d 2 F 2 (x k ,dx k )/2 d dx' d dx j , i,j=l,2,— ,n, (5) 
we can represent Finsler geometry in terms of 

ds 2 =g„(x k ,dx k )dx 1 dx J , ' (6) 
where g ; j(x k ,dx ) is called the Finslerian metric tensor. The Finslerian metric tensor is symmetric in its 
subscripts and all its components are positively homogeneous of degree zero in dx k , 

glJ (x k ,dx k )= gjl (x k ,dx k ), " " (7a) 

g 1J (x k ,Xdx k )=g 1J (x k ,dx k ) forX>0. (7b) 

We can define the so-called generalized Finsler geometry by omitting Eq.(3) as a definition of ds 
and instead taking Eq.(6) as a definition of ds 2 , where the given metric tensor g;j(x k ,dx k ) satisfies Eqs.(7) 
and other routine conditions. 

The generalized Finsler geometry is so-named because a Finsler geometry must be a generalized 
Finsler geometry but the inverse statement is not valid, in other words, a generalized Finsler geometry is not 
necessarily a Finsler geometry [7]. 

A generalized Finsler geometry with a given metric tensor gy(x k ,dx k ) is also a Finsler geometry 
when and only when we can find a scale function F(x k ,dx k ) such that this function is not only positively 
homogeneous of degree one in dx k and also related to gij(x k ,dx k ) by Eq.(5). In this case, F 2 (x k ,dx ) is 
positively homogeneous of degree two in dx k . The following equation thus holds due to Euler's theorem on 
homogeneous functions, 

2F 2 (x k ,dx k )= dx 1 [ d F 2 (x k ,dx k )/ d dx'] . (8) 
Iterating Eq.(8), we find 

4F 2 (x\dx k )= dx j 5ij[ d F 2 (x k ,dx k )/ d dx 1 ] 

+dx J dx'[ d 2 F 2 (x k ,dx k )/ d dx J d dx 1 ] . (9) 
It then follows from use of Eq.(8) that 

F 2 (x k ,dx k )= dx J dx 1 [(? 2 F 2 (x k ,dx k )/2<9dx J <9dx 1 ]. (10) 
Eq.(10) combines with Eqs.(5) and (6) to yield Eq.(3). 



III. AN ASSUMPTION ON LOCAL STRUCTURES OF SPACE AND TIME 

Conceptually, the principle of relativity means that there exists a class of equivalent inertial frames 
of reference, any one of which moves with a non-zero constant velocity relative to any other. Einstein wrote 
in his Autobiographical Notes [8]: "in a given inertial frame of reference the coordinates mean the results of 
certain measurements with rigid (motionless) rods, a clock at rest relative to the inertial frame of reference 
defines a local time, and the local time at all points of space, indicated by synchronized clocks and taken 
together, give the time of this inertial frame of reference." As defined by Einstein, each of the equivalent 
inertial frames of reference is supplied with motionless, rigid unit rods of equal length and motionless, 
synchronized clocks of equal running rate. Then in each inertial frame of reference, an observer can employ 
his own motionless-rigid rods and motionless-synchronized clocks in the so-called "motionless-rigid rod 
and motionless-synchronized clock" measurement method to measure space and time intervals. By using 
this "motionless-rigid rod and motionless-synchronized clock" measurement method, the observer in each 
inertial frame of reference can set up his own usual inertial coordinate system {x',t}, r= 1,2,3. Postulate (ii) 
means that the measured speed of light is the same constant c in every such usual inertial coordinate system. 
Recent null experiments searching for an anisotropy in the one-way velocity of light support postulate (ii) 
[9-11]. 
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Einstein exquisitely defined the usual inertial coordinate system {x r ,t}, r=l,2,3, through associating 
it with the "motionless-rigid rod and motionless-synchronized clock" measurement method used in inertial 
frame of reference. Following Einstein, we imagine for an inertial frame of reference other measurement 
methods that are different from the "motionless-rigid rod and motionless-synchronized clock" measurement 
method. According to Einstein, by taking these other measurement methods the inertial frame of reference 
can set up other inertial coordinate systems, just as well as this inertial frame of reference can set up the 
usual inertial coordinate system by taking the "motionless-rigid rod and motionless-synchronized clock" 
measurement method. We call these other inertial coordinate systems the unusual inertial coordinate 
systems. It is understood that the relationship between the usual inertial coordinate system and any unusual 
inertial coordinate system of a given inertial frame of reference is specified by the relationship between the 
"motionless-rigid rod and motionless-synchronized clock" measurement method and the alternative 
measurement method associated with the mentioned unusual inertial coordinate system. 

Conventional believe in flatness of gravity-free space and time is natural. But question is, in which 
inertial coordinate system the gravity-free space and time directly display their flatness. The special theory 
of relativity recognizes the usual inertial coordinate system, as shown in the assumption Eqs.(l). Making a 
difference, we chose one of the unusual inertial coordinate systems, say the primed inertial coordinate 
system {x' r ,t'}, r= 1,2,3. 

We assume that gravity-free space and time possess the flat metric structures in the primed inertial 
coordinate system, and hence, the following non-flat structures in the usual inertial coordinate system, 



dX 2 =8 rs dx' r dx ,!, =g rs (y)dx r dx s , r,s=l,2,3, (11a) 

dT 2 =dt' 2 =g(y)dt 2 , ' (lib) 

g rs (y)=K 2 (y)8 rs , (12) 

g(y)=(l-y 2 /c 2 ), (13) 

K(y)= 7T" ( 1 -y'/c 2 ) " 2 ln , (14) 
2y c-y 

where y=(y s y S ) 1/2 , y s =dx s /dt, s=l,2,3. 



Two non-flat metric tensors g rs (y) and g(y) depend on, actually only on, directional variables y s , 
s=l,2,3. We call local structures specified by metric tensors g rs (y) and g(y) the generalized Finslerian 
structures [12]. The generalized Finslerian structures of gravity-free space and time in the usual inertial 
coordinate system become flat when and only when y approaches zero. 



IV. ri-TYPE GALILEAN AND LOCALIZED LORENTZ TRANSFORMATIONS 

We now can form a new theory by combining the assumption Eqs.(ll), instead of the assumption 

Eqs.(l), with the two fundamental postulates (i) and (ii). 

If we define a new type of velocity, y' s =dx'7dt', s=l,2,3, in the primed inertial coordinate system 

and keep the well-defined usual (Newtonian) velocity y s =dx7dt, s=l,2,3, in the usual inertial coordinate 

system, we find from the assumption Eqs.(l 1), 

§ rs yY s =[^ ln^^] 2 5 rs y r y s , r,s=l,2,3, (15) 
2y c-y 

c c + y s 

y'=[ — In -]y\s=l,2,3, (16) 

2 y c-y 

and 

c c + y 

y'=-ln , (17) 

2 c — y 

where y'=(y' s y' s ) 1/2 , y=(yy s ) 1/2 , s=l,2,3. 

Two different measurement methods can be applied to a motion when it is observed in an inertial 
frame of reference, one being the "motionless-rigid rod and motionless-synchronized clock" measurement 
method, the other one being associated with the primed inertial coordinate system. As a result, two different 
velocities, primed velocity y' s (of the new type) and usual velocity y s , are obtained. They are two versions of 
the motion obtained via two different measurement methods taken in the inertial frame of reference. 
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These two velocities are related by Eqs.(16) and (17). Velocity y' s , s=l,2,3, varies uniquely with y s 
and equals y s only when y s vanishes. The Galilean composition among primed velocities links up with the 
Einstein composition among usual velocities [13]. This statement can be easily justified in the one- 
dimensional case: 

y' 2 = y\ -u =(c/2)ln[(c+y 1 )/(c-y 1 )] -(c/2)ln[(c+u)/(c-u)] 

and 

y' 2 =(c/2)ln[(c+y 2 )/(c-y 2 )] 

imply 

y 2 =(y r u)/(l-yiu/c 2 ). 

In Eq.(17), as y goes to c, we get an infinite speed of the new type, 
C C + y 

ri=lim -In -. (18) 

>^ c 2 c — y 

Speed r| is a new version of the light speed, its version in the primed inertial coordinate systems. Speed r| is 
invariant in the primed inertial coordinate systems owing to the invariance of speed c in the usual inertial 
coordinate systems. 

Let IFR1 and IFR2 be two inertial frames of reference, where IFR2 moves with a non-zero 
constant velocity relative to IFR1. IFR1 and IFR2 can, respectively, use their own "motionless-rigid rod and 
motionless-synchronized clock" measurement methods and set up their own usual inertial coordinate 
systems {x r m ,t m }, m=l,2, r= 1,2,3. IFR1 and IFR2 can also, respectively, set up their own primed inertial 
coordinate systems {x" m ,t' m }, m=l,2, r=l,2,3. 

Since the propagation velocity of light is r| in both primed inertial coordinate systems {x'^t'i} and 
{x' r 2 ,t' 2 }, we have two equivalent equations 

8 rs dx' r idx ,s 1 -r| 2 (dt , 1 ) 2 =0, (19a) 

5 re dx' r 2 dx'VTl 2 (dt' 2 ) 2 =0. (19b) 
Using Eqs.(l 1) with y=c, we have further two equivalent equations, 

K 2 (c)5 rs dx r idx s 1 -ri 2 g(c)(dt 1 ) 2 =0, 

K 2 (c)5 rs dx r 2 dx s 2 -r| 2 g(c)(dt 2 ) 2 =0, 



or 

because 
where 



8 re dx r 1 dx s 1 -c 2 (dt 1 ) 2 =0, (20a) 
5 rs dx r 2 dx s 2 -c 2 (dt 2 ) 2 =0, (20b) 

c 2 K 2 (c)=ii 2 g(c), (21) 

K(c)=lim y ^ K(y), g(c)=lim ^ g(y). 

Two equivalent equations (19), the linearity of transformation between two {x' r m ,t' m }, m=l,2, the 
reciprocity of relative primed velocities between two {x" m ,t' m }, ni=l,2, and the flat structures of gravity-free 
space and time in two {x' r m ,t' m }, m=l,2, will lead to the r|-type Galilean transformation between two primed 
inertial coordinate systems {x" m ,t' m }, m=l,2, under which speed r| is invariant. Two equivalent equations 
(20), the linearity of transformation between two {x r m ,t m }, m=l,2, and the reciprocity of relative usual 
velocities between two {x r m ,t m }, m=l,2, will lead to the localized Lorentz transformation between two usual 
inertial coordinate systems {x r m ,t m }, m=l,2, where the space and time differentials respectively take places 
of the space and time variables in the Lorentz transformation. 

In the new theory, the r|-type Galilean transformation stands between any two primed inertial 
coordinate systems, while the localized Lorentz transformation between two corresponding usual inertial 
coordinate systems. Substituting the assumption Eqs.(ll) for the assumption Eqs.(l) does not spoil the 
localized Lorentz transformation between any two usual inertial coordinate systems. 



V. THE FOUR-DIMENSIONAL GENERALIZED FINSLERIAN STRUCTURE 

The generalized Finslerian structures Eqs.(ll) can be rewritten in the four-dimensional form. To 
do it, following Minkowski, we introduce the four-dimensional primed inertial coordinate system {x' k }, 
k=l, 2,3,4, x' 4 =ir|t', and the flat structure of gravity-free spacetime in this coordinate system, 

d£ 2 = 0i jdx"dx' j , i,j=l,2,3,4. (22) 
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Using Eqs.(H), we can find the generalized Finslerian structure of gravity-free spacetime in the four- 
dimensional usual inertial coordinate system {x k }, k=l, 2,3,4, x 4 =ict, 

d£ 2 = g 1J (y)dx 1 dx J , i,j= 1,2,3,4, (23a) 
with diagonal metric tensor gy(y), 

gn(y)=g22(y)=g33(y)=K 2 (y), g44(y)=G 2 (y), (23b) 
glJ (y)=0fori*j, (23c) 

where 

G(y)= -(l-y 2 /c 2 ) 1/2 (24) 
c 

and y=(y s y s ) 1/2 , y s =dx7dt, s= 1,2,3. 

It is good to represent this generalized Finslerian structure in terms of four-dimensional vector 
variables z k , k= 1,2, 3,4, 

z r = dx7dt'=yV(l-y 2 /c 2 ) l/2 , r=l,2,3, (25a) 
z 4 = dx 4 /dt'=ic/( l-y 2 /c 2 ) 1/2 . (25b) 

We have 

dE 2 = g ij (z)dx i dx j , i,j=l,2,3,4, (26a) 



with 



where 



gll (z)=g 22 (z)=g33(z)=K 2 (z), g 44 (z)=G 2 (z), (26b) 
glJ (z)=0fori*j, (26c) 



c yjc 2 + z + Z 

K(z)= — In ; , (27) 



2z ~J~c 2 + z 2 -z 



r 2 , 2 



c +z +z 

g(z)= r2 — Y -hm t ^\n-j=== — ' (28) 

2vc +z Vc + z - z 

and z=(z s z s )" 2 , s=l,2,3. In writing Eqs.(26), (27) and (28), we used two relations, 

z/z 4 =y/ic, (29) 
z 4 =i(c 2 +z 2 ) 1/2 or (l-y 2 /c 2 ) 1/2 =(l+z 2 /c 2 )- 1/2 . (30) 

Metric tensor gy(z) is still symmetric in its subscripts and positively homogenous of degree zero in its 

arguments z k . 



VI. THE PHYSICAL PRINCIPLE 

Experiments clearly support the existence of the constancy of the usual light speed c, the Einstein 
addition law of relative usual velocities, and the Lorentz or the local Lorentz invariance [9-11]. These facts 
verify not only postulate (ii) but also that it is the "motionless-rigid rod and motionless-synchronized clock" 
measurement method which we use in our experiments. In other words, all our experimental data are 
collected and expressed in the usual inertial coordinate system. 

The physical principle in the special theory of relativity is the Lorentz invariance in the usual 
inertial coordinate system: All physical laws keep their forms with respect to the Lorentz transformation. In 
the modified theory, we may also chose the usual inertial coordinate system for theoretical purposes. In 
doing so, the physical principle is the local Lorentz invariance: In the usual inertial coordinate system, all 
physical laws keep their forms with respect to the localized Lorentz transformation. But, this local Lorentz 
invariance must be implemented in dealing with the generalized Finslerian structures Eqs.(l 1). 

The modified theory, however, offers us another choice for theoretical purposes. That is the 
primed inertial coordinate system. Making this choice, we have the physical principle: The r|-type Galilean 
invariance in the primed inertial coordinate system plus the transformation from the primed inertial 
coordinate system to the usual inertial coordinate system. In other words, all physical laws are written in the 
T|-type Galilean-invariant form in the primed inertial coordinate system; all calculations are done in the re- 
type Galilean-invariant manner in the primed inertial coordinate system; and all results of these calculations 
are finally transformed from the primed inertial coordinate system into the usual inertial coordinate system 
and compared to experimental facts there. 
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The transformation from the primed inertial coordinate system {x' r ,t'}, r=l,2,3, to the usual inertial 
coordinate system {x r ,t}, r=l,2,3, is an important part of the new physical principle. If two axes x' r and x r , 
where r equals 1,2,3, are set to have the same direction and the same origin, the transformation from the 
primed to the usual inertial coordinate systems has the form of 

dx ,r =K(y)dx r ,r= 1,2,3, (31a) 



dt'=(l-y 2 /c 2 ) l/2 dt (31b) 



or 



dx' r =K(z)dx r ,r=l,2,3, (32a) 
dt'=dt/[l+z 2 /c 2 ] 1/2 , (32b) 
where K(y) is in Eq.(14) and K(z) is in Eq.(27). Eqs.(31b) and (32b) can be rewritten respectively as 



and 
where 



dx' 4 =G(y)dx 4 , (33) 
dx' 4 =G(z)dx 4 , (34) 
x"*=ir|t' and x 4 =ict, (35) 



and G(y) is in Eq.(24) and G(z) is in Eq.(28). 

The transformation from the primed to the usual inertial coordinate systems contains local velocity 
variables y or z, r=l,2,3, as parameters. It becomes identical when and only when y=(y r y r ) 1/2 equals zero or 
z=(z r z r ) 1/2 equals zero. When y approaches c or z, z=y/(l-y 2 /c 2 ) 1/2 , goes to infinity, the transformation 
becomes strange because of 

K(c)=G(c)= lim ^- (l-y 2 /c 2 ) 1/2 In =0. (36) 
1 2y c - y 

Under the transformation, any controvariant vector transforms like 

P' r =K(z)P\r= 1,2,3, (37a) 
P' 4 =G(z)P 4 , (37b) 
while covariant vector transforms like 

P' r =K'(z)P r ,r=l,2,3, (38a) 
P' 4 =G _1 (z)P 4 . (38b) 
It is the characteristic of the transformation Eqs.(31) that it links the Galilean transformation 
between any two primed inertial coordinate systems and the localized Lorentz transformation between two 
corresponding usual inertial coordinate systems. To justify this statement, we consider the case of one- 
dimensional space for simplification. 

Let IFR1 and IFR2 be two inertial frames of reference, and {x' m ,t' m } and {x m ,t m } be respectively 
the primed inertial coordinate system and the usual inertial coordinate system of IFRm, m=l,2. Suppose 
IFR2 moves relative to IFR1 with an arbitrarily constant usual velocity u as measured by IFR1, and suppose 
an object moves relative to IFR1 with an arbitrarily usual velocity yj as measured by IFR1, and hence, 
relative to IFR2 with a certain specified usual velocity y 2 as measured by IFR2. Three primed velocities are 
u' and y' m , m=l,2, respectively corresponding to usual velocities u and y m , m=l,2. 

First of all, from the transformation Eqs.(31), we know that three usual velocities u and y m , m=l,2, 
are respectively connected to their corresponding primed velocities by 

y' m =(c/2)ln[(c+y m )/(c-y m )],m=l,2, " (39) 
u'=(c/2)ln[(c+u)/(c-u)]. (40) 
The Galilean transformation between {x'i,t\ } and {x' 2 ,t' 2 } reads 

x' 2 =x'i- u't'i, t' 2 =t'i, (41) 
or localizedly 

dx' 2 =dx' r u'dt'i, (42a) 
dt' 2 =dt',. (42b) 
We divide Eq.(42a) by Eq.(42b) for 

y' 2 = y'i-u', (43) 

and insert Eqs.(39) and (40) in Eq.(43) for 

y 2 =(yru)/[l- yi u/c 2 ]. (44) 
Eq.(44) implies 

[ 1 -y 2 2 /c 2 ] 1/2 =[ 1 -y ! 2 /c 2 ] 1/2 [ 1 -u 2 /c 2 ] l/2 /[ 1 -y iu/c 2 ] . (45) 
Consecutively using Eqs.(31b) of m=l,2 and (45) in Eq.(42b), we can obtain 



7 



dt 2 =Y(dt r udxi/c 2 ), (46a) 
where y=l/[l-u 2 /c 2 ] 1/2 and dxi=yidti. As we immediately put Eqs.(44) and (46a) into the equality dx 2 =y2dt 2 , 
we can obtain another equation, 

dx 2 =y(dx r udti). (46b) 
Eqs.(46a) and (46b) have the same shape as the Lorentz transformation apart from that the space and time 
differentials respectively take places of the space and time variables. The velocity yi can be arbitrary, so do 
dxi and dti. Eqs.(46) are full of meanings as the localized Lorentz transformation between {xi,ti} and 
{x 2 ,t 2 }. 



VII. THE CARTAN CONNECTION 

Like Finsler geometry, the generalized Finsler geometry can be endowed with the Cartan 

connection [6,7]. Let us consider a generalized Finsler geometry with a given metric tensor gy(x k ,dx k ) or 

gij(x k ,z k ), where z k =dx k /db, k=l,2,— ,n, and db is a positive invariant. 

According to Cartan, the absolute differentials of vectors X 1 and X ; can be written as 

DX'=dX'+ C' kh (x,z)X k dz h + r 1 kh (x,z)X k dx h , (47a) 

DX,=dX r C k lh (x,z)X k dz h - r k lh (x,z)X k dx h , (47b) 

and two kinds of covariant partial derivative, XV, X^, XV, Xjnh, can be defined by 

DX= X| h dx h + X| lh Dz h , (48a) 

DX i= Xi| h dx h + Xn h Dz h , (48b) 

where C'kh and r'u, are the affine coefficients, Dz k denotes the absolute differential of z k , and abbreviations 

x and z are respectively taken for x k and z k in parentheses. 

Following Cartan, as we impose several conditions including 

C k mn (x,z)z m dz n =0 (49) 
on the generalized Finsler geometry, we can find the following expressions, 

V h X = XV= d h X- (dG k /d z h )( d XV d z k ) + r* i kh X k , (50a) 

V h x = x llh = d h x r ( d gV d z h )( d x/ d z k ) - r* k lh x k , (50b) 

X llh = d XV d z h + C'khX 11 , (51a) 

X illh =(9x i /<9z h -C k ih X k , (51b) 

with 

T* k , h =r k lh - C k lm ( d G m / d z h ), (52a) 

C k jh =g km C jmh) (52b) 

rVg^r^g^fy^- C hmp (<?G ( 7(?z J ) + C jhp (<9G p /(9z m )}, (52c) 

Yjkh=^{<?g jk /<?x h +dg Ul /dx> -<9g hj /<9x k }, (52d) 
1 

G p =-/ hj z h z J , (52e) 

YVg P Vj, (52f) 

C )mh =^(d gl jdz h ). (52g) 

For scalar function Q(x,z), two kinds of covariant partial derivative are 

V h Q = Q lh = d h Q- ( d G k / d z h )( d Q/ d z k ) , (53) 
Q llh = dQ/dz h . (54) 

If metric tensor gy(x k ,z k ) is z k -independent, the above Cartan connection reduces to the Levi-Civita 

connection in Riemann geometry. If metric tensor gy(x k ,z k ) is x k -independent, the covariant partial 
derivative of the first kind reduces to the usual partial derivative, 

V h =<9 h . (55) 
The metric tensor in the generalized Finslerian structure Eqs.(26) just fits in this case, i.e. it is x k - 
independent. 
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VIII. MECHANICS 

It should be reminded before we go to applications of the new physical principle to mechanics and 
field theory that the light speed, which owns the constancy in all inertial frames of reference according to 
postulate (ii), has two versions: infinite speed T| in the primed inertial coordinate system and finite speed c 
in the usual inertial coordinate system. We deal with this constant in such a way that its value is r| in the 
primed inertial coordinate system and c in the usual inertial coordinate system. 

The motion equation in the primed inertial coordinate system is 

F' k =m dz' k /dt',k=l,2,3,4, (56) 
where mo is the mass of an object, 

z' k =dx' k /dt',k= 1,2,3,4, (57) 
is the four-dimensional primed velocity and F' k is the four-dimensional force. Performing the transformation 
from the primed to the usual inertial coordinate systems, we get 

F k =m Dz k /dt',k=l,2,3,4, " (58) 

in the usual inertial coordinate system, where Dz k is the absolute differential of four-dimensional velocity 
vector z k , 

z k =dx k /dt', k=l,2,3,4. (59) 

Dynamic variables z k , k= 1,2,3,4, are just the directional variables in the generalized Finslerian 
structure Eqs.(26), so we have 

DzWzV C i kh (x,z)z k dz h + r i kh (x,z)z k dx h , i=l,2,3,4, (60) 
according to Eq.(47a). In Eq.(60), 

C' kh (x,z)z k dz h =0, i=l,2,3,4, (61) 
because of Eq.(49) and 

IVx.z^O, i,j,k=l,2,3,4, (62) 
because of the x k -independence of metric tensor gij(z) in the generalized Finslerian structure Eqs.(26). We 
thus have Dz'=dz', i=l, 2,3,4, and finally, 

F k =modz k /dt',k=l,2,3,4, (63) 
as the motion equation in the usual inertial coordinate system. 

In the primed inertial coordinate system, four-dimensional energy-momentum vector of a moving 
particle with rest mass mo is 

p' k =m z' k =(m y' 1 , m y' 2 , m y' 3 , im r|)=(moy' r , imon), r=l,2,3. (64) 
We transform it to the usual inertial coordinate system and find 

p' k ^p k =( m y ,r /K(y), im ri/G(y)) 

=( moy7[l-y 2 /c 2 ] 1/2 , imoc/[l-y 2 /c 2 ] 1/2 ) 

= moZ k ,k=l,2,3,4,r=l,2,3, (65) 
as the four-dimensional energy-momentum vector in the usual inertial coordinate system, where Eqs.(14), 
(16) and (24) are used. 

Immediately calculating the traces of tensors p"p' J and p'p 1 yields 

Sp(p"p' J )= -m 2 r| 2 , y'<r|, (66) 
°2' 2 y ' =11 ' 

Sp(p'p J )= -m 2 c 2 , y<c, (67) 
0, y=c, 

where p" and p 1 , i=l,2,3,4, are respectively in Eqs.(64) and (65). The familiar form of Eq.(67) is 

E 2 =c 2 p ' p +m 2 c 4 , (68) 

where 

pKpV.p'XE-icp 4 , (69) 
and E is the energy. 

The motion equation in the usual inertial coordinate system has the same form as that in the special 
relativity theory. The four-dimensional energy-momentum vector in the usual inertial coordinate system has 
also the same expression as that in the special relativity theory. Four components of this vector satisfy the 
same relation as that in the special relativity theory. So, the change of assumption from Eqs.(l) to Eqs.(ll) 
has no effect on the validity of relativistic mechanics in the usual inertial coordinate system. 

However, the equation about invariant 8 i jp"p' J =g i j(z)p 1 p J alters, 

5 ij p"p' J = -moV, y'<n, (70) 
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0, y'=r|, 

in the primed inertial coordinate system and 

g ij (z)p i p j = -mo 2 c 2 , y<c, (71) 
0, y=c, 

in the usual inertial coordinate system. This alteration will affect the forms of field equations in the usual 
inertial coordinate system. 



IX. FIELD THEORY 

The regulation that enables us promptly to write down the T|-type Galilean-invariant field equations 
in the primed inertial coordinate system is: Having the Lorentz-invariant field equations in the current field 
theory, we replace speed c with speed r| and add a 'prime' to each of the field variables, coordinate 
variables and coordinate-differentiations. 

A. Field Equations and Lagrangian Densities 

The interaction-free field equations and the Lagrangian densities in the primed inertial coordinate 
system are 

[8 lj d \ d ) - ae' 2 ](p'=0 for massive real scale field <p\ (72) 

8 IJ d 'j d jA' k =0, k= 1,2,3,4, for massless vector field A' k , (73a) 

[8 1J d \ d ) - ae' 2 ] A' k =0, k=l,2,3,4, for massive vector field A' k , (73b) 

[5 ij Yi<? j-ae']\|/'=0 and (74a) 

If/ '[8'Y j a 'j - ae']=0 for massive even-spinor (Dirac) field (74b) 

and 

L'i=- — 8 lj d 'jcp' d 'j(p' - — ae' 2 (p' 2 for massive real scalar field (p', 

L' 2a =- — 8' m 8 jn F' i jF' mn , F'ij= d ' A'j- d jA'j , for massless vector field A' k , 

L' 2 b=- — 8 lm 5 in F'ijF' mn - — ae^S'-A'A'i, F'«= d 'A' r d ' A'i , for massive vector field A' k , 
4 2 

L' 3 =- h c \f/ '[8' J Y'i d 'j + se'] If/ ' for massive even-spinor field If/ ', 

where ae'=mor|//i , and y^, i=l, 2,3,4, are the Dirac matrices, {yj,y'j}=28ij. 

As for those in the usual inertial coordinate system, we notice that Eqs.(55) and (71) imply 

8 ab <9' a <9' b =g ab (z)V a V a = g ab (z)<9 a <9 b , a,b= 1,2,3,4. (75) 

The interaction-free field equations in the usual inertial coordinate system are 

[g lj (z)<9 i (9j- ae 2 ](p=0 for massive real scale field (p, (76) 

8 lj d ; <9jA k =0, k=l,2,3,4, for massless vector field A k , (77a) 

[g IJ (z)^ I ^ j - se 2 ]A k =0, k=l, 2,3,4, for massive vector field A k , (77b) 

[g lj (z)y, d s - ae]\|/=0 and (78a) 

\f/ [g lj (z)y, d j - se]=0 for massive even-spinor field \|/, (78b) 

where se=moc//z, y s = K(z)Y s , s=l,2,3, y 4 =G(z)y 4 , and y s , s=l,2,3, and y 4 form the version of the Dirac 
matrices in the usual inertial coordinate system, {y,yj}=2g ; j(z). Here we used K(c)=G(c) in Eq.(36) and 
g lj (c)=K" 2 (c)8' j to get Eq.(77a). The Lagrangian densities in the usual inertial coordinate system are 

L!=- — g' j (z) d j(p d j(p - — ae 2 cp 2 for massive real scalar field cp, 

1 . . 

L 2a =- — 8 lm 8 jn FijF mn , Fy= o ; Aj- o jA i7 for massless vector field A k , 
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1 1 , .. - - 

L 2b =- — g lm (z)g |n (z)F 1J F mn - — ae g 1J (z)AiAj, F y = d Aj- o fa, for massive vector field A k , 
L 3 =- h c y/ [g lJ (z)Yi d j + ae] y/ for massive even-spinor field I// . 

B. The de Broglie Wave Solution 

It is easy to examine that the interaction-free field equations in either primed or usual inertial 
coordinate systems have the de Broglie wave solution, 

» exp[ l - p' lX "]= exp[ l - pjx 1 ], 1=1,2,3,4. (79) 

n n 

The equal mark in Eq.(79) is due to the transformation from the primed to the usual inertial coordinate 
systems for interaction-free particles. Actually, when we put Eqs.(79) into Eqs. (72-74) and (76-78), 
respectively, we get Eqs. (70) and (71) again. The de Broglie wave characteristic of interaction-free particles 
has been well verified by experiments. 

C. The Canonically Conjugate Variables 

The canonically conjugate variables to field variables (p' k (vector or spinor) are defined by 
%' k =dL'/d(d(p' k /dt') (80) 
in the primed inertial coordinate system. In the usual inertial coordinate system, we have 

7t k =(?L/(?((?(p k /<?t'). (81) 
The expression Eq.(81) is different from 7i k = d LI d ( d cp k / d t) defined in the current field theory by its 
differentiation with respect to t', not t. Since dt' is invariant in either primed inertial coordinate systems or 
usual inertial coordinate systems, the conjugate variables Eqs. (80) or (81) form a contravariant vector or 
spinor of the same rank as the original vector or spinor. 

D. The Noether Theorem 

The Noether theorem is 

d If,, 

— [— Jf' 4 dx']=0 (82) 

dt it] 

in the primed inertial coordinate system, while 

— [—J fV]=0 (83) 
dt ic 

in the usual inertial coordinate system, where dx'=dx''dx' 2 dx' 3 , f ' 4 and f 4 are respectively the fourth 
component of vectors 

f "= {L'5V [ d L7 d ( d q>y d x")] [ d q>y d x ,J ] } 8x' J + 

[(?L'/(?((?(py(?x")]8(p' k , i,j,k=l,2,3,4, (84) 

and 

f = { Lg i j (z)- [ d LI d ( d (p k / d x 1 )] [ d (p k / d x J ] } 8x j + 

[^L/o'(^(p k /^x 1 )]8(p k , i,j,k= 1,2,3,4. (85) 
In particular, the conserved field energy-momentum is 

1 r 

Pj'= — J T' 4 jdx',j=l,2,3,4, (86) 
if] 

in the primed inertial coordinate system and 
1 , 

Pj=— J T 4 jdx',j= 1,2,3,4, (87) 

ic 

in the usual inertial coordinate system, where 

T 4 =L'8 4 -[ dV/d(d q>y d x' 4 )] [ d (p' k / d x ,j ] (88) 

and 

T 4 j=Lg 4 (z)-[ dL/d(dq> k /d x 4 )] [dyjd x J ] . (89) 
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Since integration element dx' is invariant, the conserved field energy and momentum involved in 
the Noether theorem are tensor components as well as T' 4 j or T 4 , itself in the primed inertial coordinate 
system and in the usual inertial coordinate system. In the current Lorentz-invariant field theory, in the usual 
inertial coordinate system, this characteristic has been removed by non-invariant volume element 
dx=dx'dx 2 dx 3 appearing under integration. 

E. Gauge Invariance 

The gauging procedure adopted in the current field theory to make a field system locally gauge- 
invariant with respect to a certain gauge group is still effective in the primed inertial coordinate system. For 
instance, in the primed inertial coordinate system, the U(l) gauge transformation is 

i|/'„-> y' a exp[a'(x')] and A' h A' h - - d \X\x), (90) 

e 

and the U(l) gauge-invariant field system consists of 

L'=L' 2 +L' 3 +L' mt , (91) 

with 

L' mt =ieV/'8 1 Y 1 A' J V / ", (92) 
where X'(x') is a real scale function. Consequently, in the usual inertial coordinate system, they are 

In 

¥«— >¥aexp[iA,(x)] and A h -> A h - - d h A,(x), (93) 

e 

where Eq.(55) is used, and 

L=L 2 +L 3 +L mt , (94) 

with 

L mt =iey/-g 1J (z)YA J V / \ (95) 
Lagrangian with gauge symmetry based on the SU(2) or other non-Abelian gauge group can be 
also, in parallel, considered in the primed inertial coordinate system. Its version in the usual inertial 
coordinate system can be obtained as we act the transformation from the primed to the usual inertial 
coordinate systems on it. 

F. Particle Size 

It might be the most remarkable feature of the modified theory that the concept of particle size has 
its own room. In the modified theory, particle size in the primed inertial coordinate system is an invariant 
quantity. There is no any problem to do invariant calculations based on this quantity. The light speed r| in 
the primed inertial coordinate system is infinite, so it is not hard to understand any instantaneous causal 
processes possibly existing inside of particles. All particles properly exhibit their size in the primed inertial 
coordinate system. It should be, however, emphasized that the concept of particle size in the primed inertial 
coordinate system is different from that we tried to but failed to introduce in the current Lorentz-invariant 
field theory. It is quite new in its concept. We shall discuss this concept in detail in subsequent papers. 



X. QUANTUM FIELD THEORY 

In the primed inertial coordinate system, any field system can be quantized by use of the canonical 
quantization method. Instantaneity is a covariant concept, so the equal-time commutation or anti- 
commutation relations are reasonable. The canonically conjugate variables are contravariant to the original 
field variables, so the commutation or anti-commutation relations are also of tensor equations, f.g. 

[(p' (x',t'), 7t' p (x'+8x',t')] _ 

=(p' (x',t')7t ,p (x'+8x',t') + Jt' p (x'+5x\t>' (x\t') 

=iW8 3 (8x'). (96) 
The light speed r| is infinite, so the quantum connection is acceptable to be essentially instantaneous. The 
primed time differential dt' is invariant in all inertial frames of reference, so the definition of time-ordered 
product in the perturbation expansion of S-matrix is clear. 

In the primed inertial coordinate system, the state vector equation of a quantized field system is 
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ih-^\)' = m)\ (97) 

dt 

while its operator evolution satisfies 

^Q.'= *-[U',Q.'l (98) 

dt h 

where H' is a Hamiltonian of the system, I ) ' is a state vector and £1' is an operator. In the primed inertial 

i 

coordinate system, we have a complete set of orthogonal state vectors, {exp[ — p'x'] }, in accordance with 

h 

(2%y 3 1 exp[ | (p' lX '- p' 2 x')]dx'= 5 3 (p' r p' 2 ), (99) 
n 

where p'={p'i,p'2,p'3}, x'=(x'',x' 2 ,x' 3 ) and px^p'^'+p^x^+p'sx' 3 . 

As we perform the transformation from the primed to the usual inertial coordinate systems, tensor 
equation Eq.(96) becomes 

[(p (x,t), % p (x+8x,t)]=ih -^8 p 8 3 (8x) , (100) 

where 

g=det[g rs (z)],r,s=l,2,3, (101a) 

Sx^-^/gSx, (101b) 
and Eq.(99) becomes 

(2%T 3 1 exp[ | ( Pl x- p 2 x)]dx'= 8 3 (p r p 2 ), (102) 



h 

i)11)j2 2)>3 3 ^ 

due to p |X =pix , p 2 x =p 2 x , p 3 x =p 3 x , for a complete set of orthogonal state vectors, {exp[ — px] }, in 

tl 



the usual inertial coordinate system, where p=(pi,p 2 ,p3), x=(x V,x 3 ), and px=pix'+p 2 x 2 +p 3 x 3 . 

What can we expect for Eqs.(97) and (98)? We indeed meet a transformation problem regarding 
state vectors and operators of the quantized field system here. 

We take a real scale field (j)'(x',t') as an example. Its equation is 

[8 IJ ^'i^'j-se ,2 ](j)'=0, se'=mor|//i, (103) 
in the primed inertial coordinate system. This equation is connected with the Lagrangian density 

L'=- i (8 1J d '.(j)' d + a; ,2 (j)' 2 ). (104) 

The canonically conjugate variable to (j)' is 

n'= dU/d(dty/d t')=(iT 2 )( d 07 d t') . ( 1 05) 

We may quantize this field assigning the equal-time commutation relations, 

[0'(x',t'), 0'(x'+8x',t')]=O, (106a) 
[Jt'(x',t'), jc'(x'+8x',t')]=0 (106b) 

and 

[0'(x',t'), jc'(x'+5x',t')]=i h 8 3 (8x'). (106c) 
Making the de Broglie wave expansion for 0', 

0'(x',t')=(27t)- 3/2 (/ir| 2 /2cy k .) 1/2 ^ {a' k .exp(-ik,x")+ a' u . + exp(+ik',x")}, i=l,2,3,4, (107) 

where kpp'///, i=l,2,3,4, k'4=iO)'k7T|, form the wave vector and k'=(ki,k' 2 ,k 3 ) is called the mode 
parameter, we find the field energy H' and field momentum P', 

H'=£ h co' k .(a' k . + a' k .+ ^ ), (108) 
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P = £ ^k'(a' k . + a' k .), (109) 

k' 

where P'=(P'i,P' 2 ,P'3), a' k + and a\- are respectively the creation and annihilation operators of particle with 

mode k'. They satisfy the following commutation relations, 

[aV + , a' m . + ]= [aV, a' m .]=0, (110a) 
[a' k . , a' m . + ]= 8 km .. (110b) 

If we name the particle number operator of mode k' for 

N' k .= a' k . + a' k ., ' (111) 

the field energy and momentum operators can be further written as 

H'=£ h (0' k <N' k .+ ^ ), (112) 

P = £ hk'N\.. (113) 

*' 

In the particle number representation, a basis in the Hilbert space of the quantized scale field 
system consists of 

10 ) ', the vacuum state, 

ll(k') > '=a' + (k') 10 > ', for any k', one-particle states, 

--, (114) 
M k\)-n r ( k' r ) > '=(n,!-n r !) 1/2 [a' + ( k',)] nl -[a' + ( k' r )] n2 IO> ', 

for any different k'i, — , k' r , many-particle states. 
These basis states are normalized in accordance with 
' ( ni( k'0— n r ( k' r )lm!( j'i)— m t ( j' t ) > ' 

=§ rt L 8^ - 8„ rffl;ju) 8,, fpm ~8 kWrm . (115) 
p 

where the sum is over all permutation p of integers 1, — , t. 

The transformation problem is: How does a quantized field system transform under the 
transformation from the primed to the usual inertial coordinates systems? If we denote the operator of this 
quantized field system in the primed inertial coordinate system by £T and the state vector by <!>', and 
denoting those of the transformed quantized field system in the usual inertial coordinate system by Q. and 4>, 
how are £1' and 4>' related to Q. and 4>? 

This is a transformation law which answers the problem raised: Under the transformation from the 
primed inertial coordinate system to the usual inertial coordinate system, the quantized field system will 
undergo a unitary transformation for its state vectors and operators, along with just "a change" for its wave 
vector and other tensors. The full meaning of "a change" will be revealed below. Before we establish this 
law in several steps, we need to add some more to the scale field example above. 

For those fields that are quantized by using anti-commutation relations, every n or m in Eqs.(114) 
and (115) is equal to one because the particle number operator N' k - has only two eigenvalues in the case: 
zero and one. For spin non-zero fields, we have to include in spin value s', together with the mode 
parameter, to characterize particles. In other words, all brackets ( k') and ( j') in Eqs.(l 14) and (115) will be 
(s\ k') and (i', j'), where s' and i' are both spin parameter, and Eq.(l 15) will be 

' < ni(s'i,k\)— nr(s' r) k' r )lmi(i'i j'i)— m t (i' t j' t ) > ' 

~^rt^l ^>h.m pm "' ^n r m p(l) ^ s\i' pW "' ^ «',»",(„ ^*'i7",(i) ~" ^ ' (H6) 

P 

For interacting fields, the basis states Eqs.(114) will contain a number of particles of various kinds with 
given mode and spin, and hence, the normalization equation Eq.(116) will have more 8's on its right-hand 
side caused by these various kinds of particle. 

Now we establish the transformation law in five steps. 

Step 1. Owing to Eqs.(37a), (57) and (59), under the transformation from the primed to the usual 
inertial coordinate systems, the mode parameter k' r , r=l,2,3, changes to k r , r=l,2,3, in the way of 

k' r -^k r =k'VK(k), r^l.2,3, (117) 
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where 



K(k)= — ln{ [(s 2 +k 2 ) 1/2 +k]/[(ae 2 +k 2 ) 1/2 -k] }, 

k=(k r k r ) 1/2 ,r=l,2,3, 
k' r =m z7//=p7//, 
k r =moz7/z=p7//. 
The inverse process is 

k r ^k' r =K(k)k r ,r=l,2,3. 

This process can be clearly seen if we rewrite Eq.(120) as 

(k,e,4>) -> (f(k),e^), o < e < n, o < 4 < 2%, 

where 

k'=ksin6cos(j), k 2 =ksin9sin(j), k 3 =kcos0, 

and 

k'^^sinecoscj), k ,2 =f(k)sin9sin(j), k' 3 =f(k)cos0, 

with 

**!*^ 

This is really a contraction mapping with no change in direction. The contraction coefficient K(k) depends 

on k itself. It becomes unity when k goes to zero and zero when k goes to infinity. 

It is not hard to examine that f(k) is a monotonous increasing function of k because of 
df(k)/dk=se/(se 2 +k 2 ) 1/2 >0 for all k. ( 1 23) 

The mapping k r — >k' r , r=l,2,3, or Eq.(121) is an one-to-one mapping with no change in direction, so do its 

inverse 

k' r ^>k r ,r=l,2,3, 
and the contravariant version of this inverse, 

k' r ->k r , r= 1,2,3, or k' ->k 
under the transformation from the primed to the usual inertial coordinate systems. 

Step 2. Spin parameter is usually introduced in order to represent various types of fields, such as 
vector field and Dirac (even-spinor) field. 

Vector field has spin components +1, 0, -1. These spin components correspond to circularly 
polarized field states. Spin +1 (-1) means the projection of a right (left) circular polarized field state onto 
the direction of motion, while spin corresponds to the longitudinal field state. Dirac field has spin 
components +1/2 and -1/2. The quanta distinguished by spin +1/2 and spin -1/2 also differ in polarization or 
helicity projection onto the direction of motion or the opposite direction of motion. 

It is an observation: Since three pairs of axes x' r and x r , r=l,2,3, each has the same direction and 
there is no difference between the directions of mode parameters k' r and k r , r=l,2,3, the direction of motion, 
and hence, the polarization projections of field states onto the direction of motion have no change under the 
transformation from the primed to the usual inertial coordinate systems. Spin components do not change 
under the transformation from the primed to the usual inertial coordinate systems at all. 

Step 3. The transformation from the primed to the usual inertial coordinate systems reflects the 
change of measurement method from one associated with the primed inertial coordinate system to the 
"motionless-rigid rod and motionless-synchronized clock" measurement method. This change in 
measurement method does not create or annihilate any particle and does not change any particle from one 
kind to another kind. So, the transformation from the primed to the usual inertial coordinate systems does 
not create or annihilate any particle and does not change any particle from one kind to another kind, either. 
Because mode parameter k' changes to k in the one-to-one manner, the number of particle of a kind with 
mode k' and spin s' in the primed inertial coordinate system keeps unchanged under the transformation from 
the primed to the usual inertial coordinate systems, the same as that of the kind with mode k and spin s in 
the usual inertial coordinate system, where s=s' according to Step 2. 

Step 4. As we perform the transformation from the primed to the usual inertial coordinate systems, 
since of Step 3, the basis states Eqs.(l 14) become 

10 ) , the vacuum state, 



(118) 

(119a) 
(119b) 
(119c) 

(120) 

(121) 
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Il(s,k) > ,for any (s,k), one-particle states, 

lni(si,ki)— n r (s r ,k r ) ) , for any different (si,ki), — , (s r ,k r ), many-particle states, 



(124) 



where 



and 



s=s', Si=s'i, — , s r =s' r , (125a) 
k' ->k, (125b) 
k\ ->ki, -,k' r ->k r , (125c) 



different (S|,k,), — , (s r ,k r ) come from different (s'l.k'x), — , (s' r ,k' r ). (125d) 
Obviously, the states Eqs.(124) are still orthogonal to each other and form a complete set. Actually, since of 
Eqs.(125) and Step 3, we have from Eq.(l 16), 

{ ni(si,ki)~- n r (s r ,k r )lmi(ii,ji)— m t (i t j t ) > 

=8 V 8 ...8 8 . — 8 . 8,. —8,. . (126) 

rt n,m„ (1) n r m p(t} Sl l pW s r i pW k lJpW k rJp(t} V > 

P 

The states Eqs.(124) form another basis. The basis Eqs.(114) in the Hilbert space of the quantized 
field system changes to the basis Eqs.(124) under the transformation from the primed to the usual inertial 
coordinate systems. That means there is a unitary transformation U connecting two bases, 

10 > =UI0> , ll(s',k') > =Ull(s,k) > , , 

ta 1 (s' 1 j£ , i)-n I (s' n k' r )> '=Uln 1 (s 1 ,k 1 )-n r (s r ,k r )> , 

and also 

a' + (s',k')=Ua + (s,k)U" 1 , a'(s',k')=Ua(s,k)U" 1 , N'(s',k , )=UN(s,k)U' 1 . 

The above argument is valid for the system of interacting fields. In the case, the unitary 
transformation U connects two bases of the original and transformed quantized field system, both consist of 
the basis states with a number of particles of various kinds. The interaction Hamiltonian is equal to the 
interaction Lagrangian if not counting a sign, so it can be also represented in terms of the particle creation 
and annihilation operators of various kinds. We thus have 

H i nt =UH int U . 

In general, for the quantized field system, we can find a unitary transformation U, and 

Q^UQIT 1 , (127) 
4>'=U<I>, (128) 

under the transformation from the primed to the usual inertial coordinate systems. 

Step 5. Acting the unitary transformation on the following eigenvalue equations, 

P'l— ,n ks — > '= ^ nfi k 'l— .nk-,— > 



H'l— ,n k .,— > '= ( n h <»'k' +1/2)1— ,n k ,— > ', 

*' 

in the primed inertial coordinate system, we get 
UPI-,n k ,- > = £ n h k'UI-,n k ,- > , 

k 

UHI— ,n k ,— > = ( n h «>'k'+ 1/2)UI— ,n k ,— > . 

k 

It is necessary to change also the wave vector involved in the expansion coefficients, from (k',co' k >) to 
(kcOfc), if we want correct eigenvalue equations in the usual inertial coordinate system, i.e. 

PI— ,n k ,— > = Y nfi kl— ,n k ,— > , 

k 

Hl-,n k ,- > = Y (nhat+l/2) l-,n k ,- > . 

k 

That is all five steps. The transformation law differently treats the operators or state vectors and the 
wave vector or other tensors. It contains a unitary transformation for the operators or state vectors, while 
just "a change" for the wave vector or other tensors. Here, "a change" means substituting the versions of the 
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mentioned vector or tensors in the usual inertial coordinate system for their versions in the primed inertial 
coordinate system. The wave vector changes from (k',co' k ') to (k,^), or equivalently, from (k' r ,(o') to (k,co), 
r=l,2,3, k' 4 =ico7r|, k 4 =ioyc. According to Eqs.(68) and (119), components k r , r=l,2,3, and k 4 =ico/c in the 
usual inertial coordinate system satisfy 

(0 2 =cVk r + ae 2 c 2 , r=l,2,3, se=moc/ h . (129) 
The transformation law allows us immediately to write, from Eqs.(97) and (98), 

ih— I > = HI > (130) 
df 

and 

-f;£2 = |[H,£2] (131) 
df fi 

as the state vector equation and operator equation in the usual inertial coordinate system. It also allows us to 
get Eq.(lOO) again from Eq.(96). 

The following correspondence regulation naturally flows from the transformation law: 

Having a quantized field system in the current Lorentz-invariant field theory represented in 
the usual inertial coordinate system, we replace speed c with speed r| and add a 'prime' to each 
of the state vectors, operators, wave vector and other tensors, and obtain the quantized field 
system in the primed inertial coordinate system. We do T|-type Galilean-invariant calculations for 
the quantized field system and have theoretical results in the primed inertial coordinate system. 
We perform the transformation from the primed to the usual inertial coordinate systems on these 
results. In doing so, we expect a unitary transformation for its all state vectors and operators, and 
"a change" for its wave vector and other tensors, from their versions in the primed inertial 
coordinate system to their versions in the usual inertial coordinate system. The components of 
wave vector k 1 , i=l,2,3,4, k 4 =ioVc, in the usual inertial coordinate system satisfy Eq.(129). The 
obtained results in the usual inertial coordinate system are to be compared to experimental facts. 



XI. CONVERGENT AND INVARIANT QUANTUM FIELD THEORY 

The divergence difficulties in the current quantum field theory have been already ascribed to the 
model of point particle. But any attempt to assign a finite size to a particle makes us face other serious 
difficulties [14]. In the framework of the special relativity theory, a finite size of a moving particle is not a 
covariant concept. It has been unknown how to carry out the Lorentz-invariant calculations based on such a 
size. Secondly, the Lorentz invariance recognizes the light speed c constituting a limitation for transport of 
matter or energy and transmission of information or causal connection. The law of causality rejects any 
instantaneous processes between two events at distinct space points. It is very hard to explain how a faintly 
sized particle as a whole is set in motion when a force acts on it at its edge. It is also hard to explain how the 
quantum connection specified by the quantum mechanics theory can be instantaneous. Moreover, as pointed 
out by Poincare [15], the field energy and momentum of a faintly sized electron in the Lorentz-invariant 
field theory do not have correct transformation properties, though they are finite. The field energy and 
momentum of a faintly sized electron do not form a vector, unlike its mechanical energy and momentum. 
When we compute some quantity, for instance, its total mass, the field energy and momentum will result in 
different values. 

Picturing electron as a distribution of charge in both space and time, and introducing non-local 
interaction in the Lorentz-invariant manner, some physicists proposed a finite and quantizable field theory 
[16]. This theory is questioned because it loses the gauge invariance and still has the difficulties of the 
vacuum polarization divergence. It is questioned also because of inconsistency with the fact that no particle 
with a fraction charge has been yet observed. We would have seen such particles if the charge distribution 
existed. What we have seen is that all fundamental particles which are charged have the same charge, apart 
from a sign. 

The circumstance quite alters in the theory presented in the context. The particle size is now a 
covariant concept in the primed inertial coordinate system. There is no problem in doing the r|-type 
Galilean-invariant calculations based on it in the primed inertial coordinate system. As the light speed r| is 
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infinite in the primed inertial coordinate system, the causality law is always obeyed, even inside of the 
faintly sized particles. Instantaneous quantum connection in the primed inertial coordinate system is 
understandable. Moreover, the field energy and momentum of a faintly sized particle form a vector in the 
primed inertial coordinate system, as well as its mechanical energy and momentum, so they have correct 
transformation properties. The difficulties pointed out by Poincare no longer exist. In the primed inertial 
coordinate system, all particles properly exhibit their size. As a matter of course, we can have a convergent 
and r|-type Galilean-invariant quantum field theory in the primed inertial coordinate system. 

When we transform this convergent and invariant quantum field theory from the primed to the 
usual inertial coordinate systems, all its state vectors and operators undergo a unitary transformation, while 
the wave vector and other tensors undergo "a change" to their versions in the usual inertial coordinate 
system. The unitary transformation does not change the eigenvalue spectrums of its operators, the 
expectation values of its observations and its operator and state vector equations. We shall therefore have a 
convergent and invariant quantum field theory in the usual inertial coordinate system. Furthermore, as we 
proved in Section IV, the localized Lorentz transformation stands between any two usual inertial coordinate 
systems, so we shall in fact have a convergent and locally Lorentz -invariant quantum field theory in the 
usual inertial coordinate system. 

In the current Lorentz -invariant quantum field theory, replacing speed c with speed r| and adding a 
prime to each of the state vectors, operators, wave vector and other tensors, we can have the quantum field 
theory in the primed inertial coordinate system. This quantum field theory is the same as the current 
quantum field theory in all aspects except for speed r| and those primes. For this quantum field theory, we 
can do almost everything that we did in the current quantum field theory, including the renormalization 
program. If we do so, we shall have the same results for this quantum field theory in the primed inertial 
coordinate system as for the current quantum field theory still except for speed r| and the primes. When we 
further transform the results for this quantum field theory from the primed to the usual inertial coordinate 
systems, as a result, all added primes have gone and the light speed has its value of c. We finally have 
exactly the same results for this quantum field theory in the usual inertial coordinate system as for the 
current quantum field theory. 

However, we do not suggest to do so. Yes, it can not be denied that the renormalization technique 
has had great experimental successes against the divergence difficulties. But it can not be also denied that 
renormalizability is not a basic principle of physics. Especially, since "renormalization of a quantity gives 
up any possibility of calculating that quantity" [17], the renormalized quantum field theory is unable to 
explain a class of important phenomena in particle physics— the mass difference in some particle groups 
such as proton and neutron, the 7t-mesons, the K-mesons, the E-hyperons, the S-hyperons. The particle size 
in the primed inertial coordinate system is a proper concept which ought to be involved in the quantum field 
theory. In such quantum field theory, renormalization technique is still effective as it is applied with finite 
renormalization factors. 



XII. CONCLUDING REMARKS 

Besides the two fundamental postulates, (i) the principle of relativity and (ii) the constancy of the 
light speed in all inertial frames of reference, the special theory of relativity uses another assumption. This 
other assumption concerns the Euclidean structure of gravity-free space and the homogeneity of gravity-free 
time in the usual inertial coordinate system. We have introduced the so-called primed inertial coordinate 
system, in addition to the usual inertial coordinate system, for each inertial frame of reference. We have 
proposed assuming the flat structures of gravity-free space and time in the primed inertial coordinate 
system, and hence, their generalized Finslerian structures in the usual inertial coordinate system. Combining 
this alternative assumption with the two fundamental postulates (i) and (ii), we have modified the special 
relativity theory. 

The modified theory involves two versions of the light speed, infinite speed r| in the primed inertial 
coordinate system and finite speed c in the usual inertial coordinate system. It also involves the r|-type 
Galilean transformation between any two primed inertial coordinate systems and the localized Lorentz 
transformation between two corresponding usual inertial coordinate systems. The concept of particle size in 
the primed inertial coordinate system has its own place in the modified theory. The physical principle is no 
longer the Lorentz invariance in the usual inertial coordinate system. It is: the r|-type Galilean invariance in 
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the primed inertial coordinate system plus the transformation from the primed inertial coordinate system to 
the usual inertial coordinate system. 

We have applied this new physical principle to reform mechanics, field theory and quantized field 
theory. The validity of relativistic mechanics in the usual inertial coordinate system remains, while field 
theory is freshened. Any field system can be quantized by using the canonical quantization method in the 
primed inertial coordinate system. Under the transformation from the primed to the usual inertial coordinate 
systems, any quantized field system will undergo a unitary transformation for its state vectors and operators, 
and just "a change" for its wave vector and other tensors. We have constructed a convergent and invariant 
quantum field theory, in full agreement with experimental facts, founded on the modified theory of special 
relativity and the quantum mechanics theory. 
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